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Mixtures of poly(methyl methacrylate) and poly(a-methyl styrene) were prepared and their optical absorption coefficients at 193 nm were measured. A study of photoetching rate of these polymeric materials using an ArF excimer laser at 193 nm shows two regions of distinctly different etching characteristics. At relatively high fluences (> 300 mJ/cm 2 ) the photoetch rate decreased with increasing absorption in the polymer films, while at lower fluences, an optimum range of absorption coefficients was found to give the maximum photoetching rate.
Photoetching of polymers with an ArF excimer laser (193 nm) has been the subject of numerous recent papers.
The self-developing nature of this process offers possibilities for use in microelectronic fabrication and device packaging. Since most organic materials absorb strongly at 193 nm, the etching efficiency using photodecomposition processes, in principle, can be high. Although various polymers have been investigated, very little systematic work has been done. To date, the photoetching rate has been reported to be dependent on the laser fluence, molecular structure of the polymer, and the absorption coefficient. Depending on the type of polymer, the absorption coefficient a can vary by several orders of magnitude. 7 To look more closely at the effect of the absorption length on photoetch rate at 193 nm, we studied mixtures of poly (methyl methacrylate) (PMMA) and poly (a-methyl styrene) (PS). These polymers are mutually soluble in each other and by changing the concentration of PS in PMMA, absorption coefficients can be varied from 2 X 10 3 to 8 X lOS cm -1 • We report photoetching studies of this system which revealed two distinctly different etching behaviors. Our photoetching data on PMMA are also compared with earlier work. 6 Solutions of PMMA and PS (Aldrich Chemicals) were prepared in toluene and subsequently spin coated on 2 X 2 in. quartz plates. The smooth, uniform films (3-4 pm thick) were then vacuum baked to remove residual solvent. A Lambda Physik Ar F excimer laser at 193 nm of 14 ns pulse duration was used for the photoetching studies. A quartz lens was used to provide a diverging beam. The irradiated pulse energy was controlled by varying the quartz lens to sample distance. The fluence, defined as the incident energy per unit area per pulse, was calculated from a measurement of the irradiated area on a given sample. The depth of etched holes was measured using a Slaon Dektak II depth profiler. The depth of etching per pulse (or rate of etching) was averaged over several runs at each fluence level.
Absorption coefficients were evaluated in the range 170--400 nm from transmission data obtained on thin films of various thicknesses prepared as above. The vacuum monochromator used in these measurements has been described previously. g The absorption coefficients for the polymer films studied are given in Table I . As indicated, small amounts of an aromatic compound or polymer such as PS have a pronounced effect on the value of a. Our measured value of a = 2 X 10 3 cm -I for PMMA at 193 nm is in excellent agreement with the results of Mimura et 01.9 The sample of PMMA was vacuum baked after coating at 125 ·C to remove trace solvent and monomer. Additionally, PMMA was purified using a fractional precipitation technique and no change in a was found. Our absorption data for wavelengths > 220 nm agree with those ofWamock and Gardner for monomerfree PMMA. 10 A plot of etch depth per pulse versus log (fluence) for PMMA is shown in Fig. I This difference may be due to the source material used since the etch depth in this region can be shown to be extremely sensitive to the absorption coefficient. To more clearly see the effect ofincreased absorption on the ablative etch rate, the etch depth per pulse versus fluence is plotted on a linear scale (Fig. 2) for the four films measured. Several comments are noteworthy. At low fluences, increased absorbance results in an enhanced etch rate due to a higher photon flux absorbed per unit volume. As the fluence is increased, additional broken bonds (photochemical effects) per unit volume enhance the etch rate until a saturation fluence level is reached. At this point a less steep dependence of etch rate with fluence is observed. This inflection point was observed to vary reciprocally with the absorption coefficient.
Additionally, the photoetch rates of all aromatic polymers reported in the literature (at 193 nm) have a dependence similar to that shown for PS in Fig. 2 . We have measured the absorption coefficients of numerous aromatic and aliphatic polymers and found that all aromatic polymers (whether ad- dition or condensation type) have relativley high a's at 193 nm.
7 Thus most of the light is absorbed at or near the surface of the polymer film. Low absorption aliphatic polymers, with a longer absorption length, show a higher etch rate at high fluences because a larger volume of material is exposed and efficiently decomposed. As the absorption coefficient is increased in a polymer film, the effective volume which is exposed to high radiation fluence becomes smaller, and therefore a lower etch rate is observed.
In summary, we have shown that the photoetching rate of polymers by 193 nm excimer laser radiation can be maximized by proper adjustment of the optical absorption coefficient. This becomes important for applications such as excimer laser projection photoetching. II In this process, the time required to photoetch microcircuit patterns is important because an increase in sensitivity is directly related to throughput. Further, the operation at relatively low fluences 77
Appl. Phys. Lett., Vol. 48, No.1, 6 January 1986 0.5 r--~"""-I--~"--f--'--"""'-=~ . may be desirable to reduce damage to the projection optics. We thank Theresa Sitnik, Renato Guida, and Paul Gallo for experimental assistance in this work.
